INTRODUCTION
Presently, resin composites are indispensable for dental restorative treatment because of their favorable esthetic and mechanical properties. In particular, the adhesion of resin composites to dentin has been rapidly improved by progress resin adhesive systems [1] [2] [3] [4] . Of late, resin restorative procedures have been simplified with the development of adhesive systems with fewer processing steps. One of the latest developments in adhesive dentistry is the one-step adhesive system which combines the function of each dentin etching, priming and bonding agent in one step, and of which the adhesiveness to enamel and dentin has been widely reported [5] [6] [7] [8] [9] . Because one-step bonding agents can provide an easy bonding treatment, they eliminate technique sensitivity during the restorative treatment and provide stable bond strength with less influence of operator's skill.
For example, for AQ Bond TM (Sun Medical, Moriyama, Japan), a one-step bonding agent which has been placed on the market, its special applicator (Eponge TM , Sun Medical, Moriyama, Japan) is impregnated with aromatic sulfinate 10) (referred to as "sulfinate" hereafter) as a polymerization accelerator so that it can be mixed with AQ Bond agent immediately before application, which is characteristic of this bonding system, the so-called applicator system.
Recently, this bonding system has been improved, and AQ Bond Plus TM (Sun Medical, Moriyama, Japan), which also comprises its characteristic applicator system, is now commercially available. In AQ Bond Plus, Catabrush TM (Sun Medical, Moriyama, Japan) is impregnated with Nphenylglycine [11] [12] [13] [14] [15] (referred to as "NPG" hereafter) together with sulfinate 16, 17) . To date, it has been reported that the bond strength to dentin is higher with AQ Bond Plus using Catabrush than with AQ Bond 16, 17, 18) . Therefore, the addition of NPG was thought to affect the magnitude in the bond strength by different components added to these applicators. However, there has been no report so far in which NPG alone was applied to the applicator system.
In this study, therefore, the possible effects of adding NPG to the applicator were examined in order to enhance the bond strength of one-step bonding agents to dentin. By referring to the abovementioned knowledge on AQ Bond and AQ Bond Plus, sulfinate alone, sulfinate/NPG mixed and NPG alone samples were added to AQ Bond Plus agent to examine the influence of adding NPG on the dentin adhesiveness and the degree of conversion of these bonding agent and to elucidate possible factors which may help an increase in the adhesiveness of one-step bonding agent adding NPG to dentin. In addition, an optimal concentration of NPG to be added to the applicator system was also examined. Table 1 shows the components of AQ Bond Plus agent and the polymerization accelerators used in this study. It was estimated that the total amount of polymerization accelerator to be added to the Catabrush in the case of 25 mg of AQ Bond Plus 2. Measurement of micro-shear bond strength to dentin To produce dentin disks, extracted human third molar teeth without caries were sliced perpendicularly to the tooth axis to a 1-mm thickness. Dentin disks were polished using #600 water-resistant silicon carbide paper (waterproof abrasive paper, Sankyo Rikagaku Co. Ltd., Okegawa, Japan). Each experimental Bond was applied to the surface of the dentin disk. These were left to stand for 20 sec after application, then the treated dentin surface was gently air-dried for 5 sec, strongly air-dried for 5 sec, and then light-irradiated with XL3000 TM (3M ESPE, Tokyo, Japan) for 5 sec. As shown in Fig. 1 , a cylindrical plastic tube with a diameter of 0.96 mm and a height of 2.0 mm [18] [19] [20] [21] (Tygon, Norton Performance Plastic Co., Cleveland, OH, USA) was placed on the treated dentin surface. Flowable resin (Metafil flow TM , Sun Medical, Moriyama, Japan) was injected into the tube, and light irradiation was performed for 40 sec. Samples were stored in water at 37 for 24 hours, then micro-shear bond strength was measured at a crosshead speed of 1 mm/min using a micro universal testing machine (EZ-test, Shimadzu, Kyoto, Japan). Ten samples of each condition were examined, and obtained micro-shear bond strengths were statistically analyzed by Scheff 's multiple comparison test ( = 0.05).
MATERIALS AND METHODS

Materials
Measurement of degree of conversion
In the dark room, volatile components of Bond C, S1.0, B1.0 or N1.0 were removed thoroughly by airblowing strongly. Then, each Bond was separated into two phases: the water and the resin monomer.
Study on polymerization accelerator 8 Table 1 Components of AQ Bond Plus agent and polymerization accelerators used in this study. The resin monomer phase of each bond was aspirated with a micropipette and placed on a diamond ATR (Attenuated Total Reflection) 7) crystal (DuraScope TM , ST Japan Inc., Tokyo, Japan). The resin monomer was air-blown strongly for 5 sec, then subjected to light irradiation from a distance of 5 mm for 5 sec. The infrared spectrum of each resin monomer phase was then measured under light shielding using a Fourier transform infrared spectrometer [24] [25] [26] [27] (FT-IR, Perkin Elmer ft-IR Spectrometer Paragon 1000, Wellesley, MA, USA). FT-IR spectra were collected under the following conditions: single reflection, 600 3800 cm was assigned to C C stretching vibrations for the vinyl group in dimethacrylate. In this study, the degree of conversion was obtained from the ratio of relative peak intensity of the C C absorption peak before and after polymerization to the carbonyl group's absorption peak (C O) at 1710 cm -1 which shows no change by polymerization, utilizing conventional base line techniques (Fig. 2) .
Components of AQ bond plus agent
Furthermore, we determined the degree of conversion by chemical polymerization of each resin monomer without light irradiation using the same procedures as described above. The degree of conversion of resin monomers at 15, 30, 60, and 120 minutes later after addition of polymerization accelerator into AQ Bond Plus agent was examined, being calculated by:
Degree of conversion( )=((1-Ra)/Rb) 100 Rb: Relative peak intensity of C C group to the C O group before polymerization Ra: Relative peak intensity of C=C group to the C O group after polymerization IR measurement was performed three times for each sample, and the means were determined.
RESULTS
1. Micro-shear bond strength to dentin by adding 1.0 wt polymerization accelerator Fig. 3 shows the micro-shear bond strengths of Bonds C, S1.0, B1.0, and N1.0. It was significantly higher in Bonds S1.0, B1.0, and N1.0 than in Bond C. Although there were no significant differences in micro-shear bond strength between Bonds S1.0 and B1.0, Bond B1.0 tended to bond to dentin more strongly than S1.0. Further, micro-shear bond strength was significantly higher in Bond N1.0 than in the other Bonds. Table 2 shows the mean degree of conversion of Bonds C, S1.0, B1.0, and N1.0 after 5 sec light irradiation. In Bond C, it was 68.5 . The mean degree of conversion was higher in Bonds N1.0 and B1.0 than in Bonds C and S1.0: it was about 85 in Bonds N1.0 and B1.0, but 71.2 in S1.0. Fig. 4 shows time dependency of the mean degree of conversion for Bonds C, S1.0, B1.0, and N1.0, all of which were left to stand without light irradiation. After 120 min, the degree of conversion was still 0 in Bond C, about 20 in S1.0 and 66 in B1.0. On the contrary, the degree of conversion for Bond N1.0 was about 62 after 15 min, and already increased to about 84 after 30 min and further to about 85 after 120 min.
Degree of conversion by photo-polymerization
Degree of conversion by chemical polymerization
4. Micro-shear bond strength to dentin by different amounts of NPG added Fig. 5 shows the micro-shear bond strengths of Bonds C, N0.5, N1.0, N1.5, and N2.0. The addition of NPG resulted in an increase in the bond strength until the amount added became 1.0 wt in the AQ Bond Plus agent. After this, the bond strength leveled off even with further addition of NPG.
DISCUSSION
Generally, in a one-step bonding system, a bonding agent contains functional monomers, water, photoinitiators, and solvents, in order to create a bond between tooth substrate and resin composite in a single step. This system is advantageous in that not only the treatment time is shortened but also the potential for errors during restorative treatment is decreased due to the simplified procedure for treatment and resultant stabilized adhesion to dentin and less influence of the operator's skill. However, it has been reported that the bond strength to dentin with the one-step bonding system is slightly lower than that with the two-step bonding system [29] [30] [31] [32] . Accordingly, it is clinically significant to improve the bond strength to dentin for the one-step bonding system. In particular, it is important that resin monomer polymerize and harden on the demineralized and moistened dentin surface in order to enhance the bond strength to dentin [33] [34] [35] [36] [37] . As a measure to improve the degree of conversion with resin monomer, the addition of polymerization accelerator is considered. However, it is practically impossible under present conditions to add an accelerator to a one-step bonding agent because bonding agent will be polymerized in the bottle of the onebottle type. In the case of commercially available AQ Bond or AQ Bond Plus, an original applicator system in which a polymerization accelerator is added to the applicator is employed. As for the usefulness of this type of applicator system, it was reported that the bond strength to dentin is improved when Catabrush for AQ Bond Plus is applied to one-step bonding agents supplied by other manufacturers 38, 39) . It was elsewhere reported that this NPG not only promotes Study on polymerization accelerator photo-polymerization but also initiates chemical polymerization by coexisting with carboxylated functional monomers 12, 15) . In this study, therefore, the conjecture that dentin adhesiveness could be improved in the one-step bonding system by applying NPG to the applicator system as a polymerization accelerator was examined.
As a result, it was confirmed that the bond strength was significantly improved in the polymerization accelerator-added Bonds as compared with the control Bond, suggesting the usefulness of adding the polymerization accelerator (Fig. 3) . As for different accelerators examined, no significant difference was observed between sulfinate alone and sulfinate/ NPG mixed Bonds, although a higher bond strength was evident for the latter. Furthermore, it was also confirmed that significantly higher bond strength was gained by NPG alone as compared with other Bonds, suggesting the superior efficacy of NPG (Fig. 3) .
In order to elucidate possible factors which improved the bond strength by NPG, the degree of conversion of each Bond was examined. The degree of conversion when individual Bonds were lightirradiated for 5 sec was successfully improved in all Bonds, in which a polymerization accelerator was added to AQ Bond Plus agent as compared to the corresponding control Bond. In addition, the degree of conversion was found to be higher in sulfinate/ NPG mixed and NPG alone Bonds as compared with sulfinate alone Bond, the degree of conversion reached as high as about 85 with the former two Bonds (Table2).
The finding that similar degree of conversion was gained with sulfinate/NPG mixed and NPG alone Bonds after light irradiation, although the bond strength was significantly higher in the NPG alone Bond than the other Bonds, suggested that other factors may play a role in the enhanced bond strength of one-step bonding agent adding NPG to dentin.
The degree of conversion of each Bond which was left to stand under light-shaded condition without light irradiation was then examined. As a result, the degree of conversion in the Bond without added polymerization accelerator was still 0 even after 120 min. Although the degree of conversion after 120 min was low at about 20 in the 1.0 wt sulfinate-added Bond, it was improved to about 66 in the 0.5 wt sulfinate/0.5 wt NPG mixed Bond. Furthermore, the degree of conversion was considerably improved up to about 85 in the 1.0 wt NPG alone Bond. As for the NPG alone Bond, the degree of conversion was improved to about 62 after 15 min and further to about 84 , similar to the maximum degree of conversion, already after 30 min, indicating rapidly induced polymerization. In addition, the degree of conversion was gradually improved after addition in the sulfinate alone Bond. This finding suggested that sulfinate initiated the chemical polymerization but the polymerization capacity was rather low as compared with NPG. From this experiment, it was revealed that NPG alone Bond can exhibit the highest chemical polymerization capacity when it was compared with other Bonds.
It is well known that the degree of conversion is decreased when a resin monomer is polymerized in the presence of water 41) . However, sulfinate and NPG used in the present study initiate the polymerization of bonding agent even though water exists in onestep bonding agents as well as in dentin because these are water-soluble polymerization accelerators 40) . From the relationship of the bond strength to the degree of conversion observed in this study, it was estimated that NPG can increase the degree of conversion through the photo-polymerization and chemical polymerization of the bonding agent itself.
In order to examine the optimal concentration of NPG to be added, the micro-shear bond strength was subsequently examined by using different concentrations to be added. As a result, it was found that a significantly higher dentin bonding strength could be gained in 1.0 wt NPG than 0.5 wt and that the bond strength tended to show no change even when the concentration of NPG was increased to 1.5 or to 2.0 wt (Fig. 5) . It was thus considered that the optimal concentration of NPG to be added as a polymerization accelerator for AQ Bond Plus is 1.0 wt .
The results of this study revealed that polymerization accelerator can be added immediately before application of one-step bonding agent to dentin by adapting 1.0 wt NPG to the applicator system as a polymerization accelerator and the bonding agent is thus strongly adhered to the moistened dentin surface with a high degree of conversion owing to not only the photo-polymerization effect but also the chemical polymerization effect of NPG.
CONCLUSIONS
Within the limitations of the present study, the following observations were made: 1. The micro-shear bond strength to dentin was found to be significantly higher in Bonds S1.0, B1.0 and N1.0 than in Bond C. Although no significant difference was noted between Bonds S1.0 and B1.0, the bond strength was rather high in Bond B1.0. In addition, Bond N1.0 showed significantly higher bond strength than the other Bonds. 2. The degree of conversion of Bonds C, S1.0, B1.0, and N1.0 after light-irradiation for 5 sec was 68.5 in Bond C and 71.2 in Bond S1.0. A higher degree of conversion was gained with Bonds N1.0 and B1.0 than with Bonds C and S1.0, and the degree of conversion as high as about 85 was observed in Bonds N1.0 and B1.0. 3. The degree of conversion through chemical polymerization under the light-shaded condition was still 0 in Bond C even after 120 min. The degree of conversion was about 20 in Bond S1.0 and 66 in Bond B1.0. On the contrary, Bond N1.0 achieved the degree of conversion of about 62 after 15 min and as high as about 84 after 30 min and further about 85 after 120 min. 4. As for the optimal concentration of NPG to be added, significantly high bond strength was observed with 1.0 wt rather than 0.5 wt , indicating that further increases of concentration to be added caused no change in the bond strength.
These findings showed the usefulness of adding NPG as a polymerization accelerator at a concentration of 1.0 wt to the applicator in the one-step bonding system.
